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(57) ABSTRACT

A flat panel display apparatus and an organic light-emitting
display apparatus. The flat panel display apparatus includes:
a substrate; a display unit which is disposed on the substrate
to realize an image; a metal sheet which is disposed opposite
to the substrate, covers at least a part of the display unit, and
includes a central part at which uneven wrinkles are formed
and an edge part which is formed in a flat shape in which
wrinkles are not formed; and a sealing material which fills a
whole space formed between the substrate and the metal sheet
and seals the substrate and the metal sheet.

16 Claims, 2 Drawing Sheets
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1
FLAT PANEL DISPLAY APPARATUS AND
ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0000547, filed on Jan. 4, 2011, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

The present invention relates to a flat panel display appa-
ratus and an organic light-emitting display apparatus, and
more particularly, to a flat panel display apparatus, which is
manufactured at low material cost and in a simplified process,
and an organic light-emitting display apparatus.

2. Description of the Related Technology

An organic light-emitting display apparatus is a display
apparatus which includes pixel electrodes, counter elec-
trodes, and organic light emission layers formed between the
pixel electrodes and the counter electrodes. When a voltage is
applied to the pixel electrodes and the counter electrodes,
holes injected from the pixel electrodes are combined with
electrons injected from the counter electrodes in the organic
light emission layers and then become extinct, thereby form-
ing excitations. Therefore, the organic light emission layers
emit light due to energy transmitted from the excitations to
the organic light emission layers so as to realize an image.

A flat panel display apparatus including such an organic
light-emitting display apparatus generally encapsulates a dis-
play unit including an organic light-emitting device using a
glass encapsulation substrate.

However, since the glass encapsulation substrate is to
maintain a thickness to some degree to endure external stress
in a manufacturing process of a display apparatus, the glass
encapsulation substrate is not used to manufacture a flat panel
display apparatus.

The organic light-emitting display apparatus is deterio-
rated by penetration of external oxygen and moisture. In order
to solve this problem, the organic light-emitting device is
encapsulated using an inorganic sealant such as frit. However,
since such a frit encapsulation structure requires a high tem-
perature bonding process to harden frit, the frit encapsulation
structure damages the organic light-emitting device and
requires a large amount of time to radiate a laser. Therefore,
the frit encapsulation structure is not appropriate for a large
area and its strength deteriorates.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

The present invention provides a flat panel display appara-
tus, which is manufactured at low material cost and in a
simplified process, and an organic light-emitting display
apparatus.

According to an aspect of the present invention, there is
provided a flat panel display apparatus including: a substrate;
a display unit which is disposed on the substrate to realize an
image; a metal sheet which is disposed opposite to the sub-
strate, covers at least a part of the display unit, and includes a
central part at which uneven wrinkles are formed and an edge
part which is formed in a flat shape in which wrinkles are not
formed; and a sealing material which fills a whole space
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2

formed between the substrate and the metal sheet and seals
the substrate and the metal sheet.

Uneven wrinkles may be completely formed in an area of
the metal sheet which overlaps with the display unit.

The metal sheet may include at least one material selected
from the group consisting of aluminum (Al), stainless steel,
Invar, copper (Cu), molybdenum (Mo), silver (Ag), tantalum
(Ta), tungsten (W), titanium (T1), and magnesium (Mg).

The sealing material may include at least one material
selected from the group consisting of an epoxy-based adhe-
sive, a silicon-based adhesive, and an acryl-based adhesive.

The flat panel display apparatus may further include a
polymer layer which is disposed on a surface of the metal
sheet and has a lower coefficient of thermal expansion (CTE)
than a CTE of the metal sheet.

The polymer layer may include polyethyleneterephthalate
(PET), polyethylenenylon (PEN), or polyimide (PI).

The flat panel display apparatus may further include a
moisture absorbent which is disposed between the substrate
and the metal sheet.

The moisture absorbent may include at least one material
selected from the group consisting of calcium oxide (CaO),
barium oxide (BaO), zeolite-based and Al-based metal com-
plexes, and a polyacrylic acid.

The display unit may be an organic light-emitting device
which includes an organic emission layer interposed between
first and second electrodes.

The uneven wrinkles may be formed to non-uniform sizes.

According to another aspect of the present invention, there
is provided an organic light-emitting display apparatus
including: a substrate; a plurality of thin film transistors
(TFTs) which are formed on the substrate and include active
layers, gate electrodes, source electrodes, and drain elec-
trodes; a plurality of organic light-emitting devices which are
electrically connected to the TFTs and include organic emis-
sion layers interposed between first and second electrodes;
and a metal sheet which is disposed opposite to the substrate
and includes a central part at which uneven wrinkles are
formed and an edge part which is formed in a flat shape in
which wrinkles are not formed.

The uneven wrinkles may be formed at a part of the metal
sheet facing an area of the substrate in which the TFTs and the
organic light-emitting devices are formed.

The metal sheet may include at least one material selected
from the group consisting of Al, stainless steel, Invar, Cu, Mo,
Ag, Ta, W, Ti, and Mg.

The organic light-emitting display apparatus may further
include a sealing material which fills a whole space formed
between the substrate and the metal sheet and seals the sub-
strate and the metal sheet.

The sealing material may include at least one material
selected from the group consisting of an epoxy-based adhe-
sive, a silicon-based adhesive, and an acryl-based adhesive.

The organic light-emitting display apparatus may further
include a polymer layer which directly contacts a surface of
the metal sheet facing the organic light-emitting device and
has a lower coefficient of thermal expansion (CTE) than a
CTE of the metal sheet.

The organic light-emitting display apparatus may further
include a moisture absorbent which is disposed between the
substrate and the metal sheet.

The organic light-emitting display apparatus may realize
an image toward the substrate.

The uneven wrinkles may be formed to non-uniform sizes.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
example embodiments thereof with reference to the attached
drawings in which:

FIG. 1is a schematic cross-sectional view illustrating a flat
panel display apparatus according to an embodiment;

FIGS. 2A, 2B, and 2C illustrate metal sheets of the flat
panel display apparatus of FIG. 1, according to embodiments;
and

FIG. 3 is a schematic cross-sectional view illustrating a
part of an organic light-emitting display apparatus according
to an embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

The present invention will now be described more fully
with reference to the accompanying drawings, in which
example embodiments of the invention are shown. The inven-
tion may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the concept of the invention to those skilled in
the art.

FIG. 1is a schematic cross-sectional view illustrating a flat
panel display apparatus 100 according to an embodiment.

Referring to FIG. 1, the flat panel display apparatus 100
includes a substrate 110, a display unit 120, a metal sheet 130,
and a sealing material 150.

The substrate 110 may be a transparent glass substrate
which includes silicon dioxide (SiO,) as a main component,
but is not limited thereto. In other words, the substrate 110
may be a transparent insulating substrate which comprises
glass, quartz, ceramic, or plastic. If the substrate 110 com-
prises a flexible material, an application range of the flat panel
display apparatus 100 increases, thereby further enhancing
applicability of the flat panel display apparatus 100

The display unit 120 is formed on the substrate 110 to
realize an image.

The display unit 120 may include various types of devices
capable of realizing an image. For example, the display unit
120 may include an organic light-emitting device, an inor-
ganic light-emitting device, a liquid crystal device, an elec-
trophoretic device, or the like. The organic light-emitting
device as an example of the display unit 120 will be described
in more detail below with reference to FIG. 3.

The metal sheet 130 is disposed opposite to the display unit
120 as a sealing material for sealing the display unit 120 on
the substrate 110. The metal sheet 130 protects the display
unit 120 and prevents moisture from penetrating into the
display unit 120.

The metal sheet 130 may include at least one or more metal
material selected from aluminum (Al), stainless steel, Invar,
copper (Cu), molybdenum (Mo), silver (Ag), tantalum (Ta),
tungsten (W), titanium (Ti), and magnesium (Mg). In other
words, the metal sheet 130 may comprise a metal which has
a high moisture-proof and is relatively easily etched by an
etchant.

Since the metal sheet 130 is formed as a thin film type sheet
to a thickness of about several pm, a thin type display appa-
ratus may be more easily realized than when using a glass
substrate. The metal sheet 130 is cheaper than the glass sub-
strate and thus reduces material cost.
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4

The flat panel display apparatus 100 according to the
present embodiment includes the metal sheet 130, at least part
of which wrinkles, as will be described in more detail below.

The sealing material 150 is disposed between the substrate
110 and the metal sheet 130.

The sealing material 150 may include at least one material
selected from the group consisting of an epoxy-based adhe-
sive, a silicon-based adhesive, and an acryl-based adhesive.

In more detail, if general frit is used as the sealing material
150, a high temperature laser bonding process is required to
harden the general frit, thereby damaging a display unit and
requiring a considerable amount of time to radiate a laser.
Therefore, the general frit is not appropriate for a large area
and deteriorates the strength of the display unit. However, the
sealing material 150 of the present embodiment bonds to the
substrate 110 at a lower temperature than the general fit and
thus prevents the display unit from deteriorating. Also,
according to the present embodiment, the sealing material
150 is directly coated on the metal sheet 130 to be bonded to
the substrate 110, thereby reducing a manufacturing time.

The sealing material 150 fills a whole space formed
between the substrate 110 and the metal sheet 130. In other
words, a sealing material of a general flat panel display appa-
ratus is coated only at an edge of a space formed between a
substrate and an encapsulant. However, the sealing material
150 of the flat panel display apparatus 100 according to the
present embodiment fills the whole space formed between the
substrate 110 and the metal sheet 130 and thus operates as a
filler, which enhances the strength of the flat panel display
apparatus 100.

Although not shown in FIG. 1, a polymer layer (not shown)
is formed on a surface of the metal sheet 130 opposite to a
surface ofthe metal sheet 130 facing the display unit 120. The
polymer layer operates as a thermal buffer with respect to the
metal sheet 130. The polymer layer may be directly formed on
a surface of the metal sheet 130 using a laminating or printing
method so as to cover the whole surface of the metal sheet
130. Here, a coefficient of thermal expansion (CTE) of the
polymer layer is lower than a CTE ofthe metal sheet 130. The
polymer layer may comprise polyethyleneterephthalate
(PET), polyethylenenylon (PEN), or polyimide (PI). The
polymer layer may also comprise various types of materials
which have lower thermal coefficient than the metal sheet
130. The polymer layer prevents the surface of the metal sheet
130 from wrinkling due to expansion or contraction of the
metal sheet 130.

Although not shown in FIG. 1, a moisture absorbent (not
shown) is further disposed between the substrate 110 and the
metal sheet 130.

The moisture absorbent is directly disposed on the surface
of the metal sheet 130 facing the display unit 120. In more
detail, the moisture absorbent may be formed to a smaller area
than a whole area of the metal sheet 130. The moisture absor-
bent may also be directly formed on the surface of the metal
sheet 130 using a laminating or printing method. The mois-
ture absorbent may include at least one or more material
selected from the group consisting of calcium oxide (CaO),
barium oxide (BaO), zeolite-based and Al-based metal com-
plexes, and a polyacrylic acid. If the moisture absorbent is
further included, a flat panel display apparatus may be manu-
factured at low material cost and in a simplified process and
may be prevented from deteriorating due to penetration of
moisture.

The flat panel display apparatus 100 according to the
present embodiment includes the metal sheet 130, at least part
of which wrinkles, as will be described in more detail below.
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A conventional flat panel display apparatus generally
encapsulates a display unit using a glass encapsulation sub-
strate. However, the glass encapsulation substrate is to main-
tain a thickness to some degree to endure external stress in a
manufacturing process of the conventional flat panel display
apparatus. Therefore, the conventional flat panel display
apparatus is not manufactured as a thin type display appara-
tus. In order to solve this, various attempts to use cheap thin
film encapsulation, reduce a thickness of a panel, etc. have
been made. Among these, a method of using a metal member
as an encapsulant has been developed, and a metal can-type
metal member is used in a compact display apparatus to
perform an encapsulation process. However, such a metal
plate is too heavy to be applied to a large display apparatus
and has a different CTE from a glass substrate, thereby break-
ing a panel.

In orderto solve these problems, a method of encapsulating
alarge display panel using a light, thin, and cheap metal sheet
has been developed. However, although such a metal sheet is
used, if a temperature rises and falls due to a high basic CTE
of a metal material, the metal sheet or a substrate bends. The
metal sheet peels in an encapsulation structure using the
metal sheet and thus reduces a blocking strength or physically
damages an organic light-emitting device.

In other words, if a metal sheet is used as an encapsulant, a
thermosetting adhesive is used instead of an ultraviolet (UV)
hardening adhesive. Here, an adhesive is heated and hardened
at a relatively high temperature to exhibit an adhesive
strength. However, when bonding is performed at a high
temperature, the metal sheet expands due to a higher CTE of
the metal sheet than a glass substrate on which an organic
light-emitting device is deposited. If the flat panel display
apparatus is cooled at room temperature, the metal sheet
contracts, and thus the flat panel display apparatus bends due
to a contraction difference between the metal sheet and the
glass substrate.

Bending ofthe flat panel display apparatus makes a flexible
printed circuit board (FPCB) bonding process or a Polaroid
film adhering process difficult to perform, and an external
appearance of the flat panel display apparatus looks poor.
Also, internal stress occurs, and thus the flat panel display
apparatus is easily broken by an external shock.

In order to solve these problems, the flat panel display
apparatus 100 according to the present embodiment includes
the metal sheet 130, at least part of which wrinkles. In other
words, because of the at least part of the metal sheet 130
wrinkled, and if the metal sheet 130 having the relatively high
CTE expands and contracts, horizontal expansion and con-
traction of the metal sheet 130 is changed to vertical expan-
sion and contraction. Therefore, stress and bending due to a
difference between the CTEs of the substrate 110 formed of
the glass material and the metal sheet 130 are reduced.

Here, the metal sheet 130 of the flat panel display apparatus
100 according to the present embodiment is formed to cover
the display unit 120, and at least part of an area of the metal
sheet 130 facing the display unit 120 wrinkles.

In more detail, areas of the metal sheet 130 may have
different characteristics. For example, uneven wrinkles are
formed at a central part 131 of the metal sheet 130 facing the
display unit 120 to prevent the metal sheet 130 from bending.
If uneven wrinkles are formed at an edge part of the metal
sheet 130, the uneven wrinkles may contact the substrate 110
and thus may scratch the substrate 110. Therefore, an adhe-
sive strength between the substrate 110 and the metal sheet
130 decreases, thereby increasing penetration of moisture. In
other words, the edge part 132 ofthe metal sheet 130 is to have
a flat surface so as to improve moisture proofness.
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Therefore, the uneven wrinkles are formed at the central
part 131 of the metal sheet 130 facing the display unit 120 to
prevent the metal sheet 130 from bending. Also, the edge part
132 of the metal sheet 130 is formed as a plane where no
uneven wrinkles are formed, to enhance the adhesive strength
between the substrate 110 and the metal sheet 130, thereby
improving moisture proofness.

Here, the uneven wrinkles may be irregularly formed in
non-uniform sizes at the central part 131 of the metal sheet
130 to prevent the metal sheet 130 from bending.

According to the above-described embodiment, a flat panel
display apparatus may be manufactured at low material cost
and in a simplified process. Also, negative effects of stress on
the substrate 110 due to a difference between CTEs of the
metal sheet 130 and the substrate 110, e.g., physical damage
to an organic light-emitting device, bending or breaking of the
flat panel display apparatus 100, a weak shock-resistance
characteristic, etc., are reduced.

FIGS. 2A, 2B, and 2C illustrate metal sheets 131, 132, and
133 of'the flat panel display apparatus 100 of FIG. 1, accord-
ing to embodiments.

As shown in FIG. 2a, the metal sheet 130qa of the flat panel
display apparatus 100 is formed in an uneven shape having
gentle curvature ends. As shown in FIG. 2B, the metal sheet
1304 of the flat panel display apparatus 100 is formed in a
reverse trapezoidal uneven shape. As shown in FIG. 3C, the
metal sheet 130c¢ of the flat panel display apparatus 100 is
formed in a biased uneven shape. A metal sheet of the flat
panel display apparatus 100 may be formed in various shapes
besides the shapes described above.

FIG. 3 is a schematic cross-sectional view illustrating a
part of an organic light-emitting display apparatus 300
according to an embodiment.

Referring to FIG. 3, the organic light-emitting display
apparatus 300 includes a substrate 110, an organic light-
emitting device 20, a metal sheet 130, and a sealing material
150.

The substrate 110 may be a transparent glass substrate
which includes SiO, as a main component, but is not limited
thereto.

The organic light-emitting device 20 and a thin film tran-
sistor (TFT) 10 electrically connected to the organic light-
emitting device 20 are deposited on the substrate 110. For
convenience, one organic light-emitting device 20 and one
TFT 10 are shown in FIG. 3. However, the organic light-
emitting display apparatus 300 may include a plurality of
organic light-emitting devices 20 and a plurality of TFTs 10.

The organic light-emitting display apparatus 300 may be
classified into a passive matrix (PM) type display apparatus
and an active matrix (AM) type display apparatus according
to whether driving of the organic light-emitting device 20 is
controlled by the TFT 10. The organic light-emitting display
apparatus 300 according to the present embodiment may be
either one of the PM and AM type display apparatuses. Here-
inafter, the organic light-emitting display apparatus 300 will
be described as the AM type display apparatus in more detail.

A buffer layer 111 is further formed of SiO, and/or silicon
nitride (SiNx) on the substrate 110 to smooth a surface of the
substrate 110 and prevent penetration of impurities into the
substrate 110.

An active layer 11 of the TFT 10 comprises a semiconduc-
tor material on the buffer layer 111, and a gate insulating layer
112 is formed on the buffer layer 111 to cover the active layer
11. A gate electrode 12 is formed on the gate insulating layer
112, and an interlayer insulating layer 113 is formed on the
gate insulating layer 112 to cover the gate electrode 12. A
source electrode 13 and a drain electrode 14 are formed on the
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interlayer insulating layer 113, and a passivation layer 114
and a planarization layer 115 are sequentially formed on the
interlayer insulating layer 113 to cover the source and drain
electrodes 13 and 14.

The gate insulating layer 112, the interlayer insulating
layer 113, the passivation layer 114, and the planarization
layer 115 may be formed as insulators and may comprise
inorganic materials, organic materials, or organic and/or inor-
ganic materials in single layer structures or multi-layer struc-
tures. A stack structure of the TFT 10 is only an example, and
thus TFTs having various structures may be applied.

A first electrode 21 of the organic light-emitting device 20
is formed on the planarization layer 115 as an anode elec-
trode, and a pixel-defining layer 116 is formed on the pla-
narization layer 115 to cover the first electrode 21. A prede-
termined opening is formed in the pixel-defining layer 116,
and an organic emission layer 22 ofthe organic light-emitting
device 20 is formed within an area defined by the predeter-
mined opening. A second electrode 23 of the organic light-
emitting device 20 is formed as a cathode electrode to cover
all pixels. Polarities of the first and second electrodes 21 and
23 may be changed to opposite polarities to the ones stated
above, that is the first and second electrodes 21 and 23 may be
formed as cathode and anode electrodes, respectively.

The organic light-emitting display apparatus 300 accord-
ing to the present embodiment is a backward-emitting type
display apparatus which realizes an image toward the sub-
strate 110. Therefore, the first electrode 21 may be a trans-
parent electrode, and the second electrode 23 may be a reflec-
tive electrode.

The first electrode 21 may comprise indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), or indium
(IIT) oxide (In203), and the second electrode 23 may com-
prise lithium (Li), calcium (Ca), lithium fluoride (LiF)/Ca,
LiF/Al, Al, Mg, or combinations thereof.

The organic emission layer 22 may be formed between the
first and second electrodes 21 and 23 of a low molecular
weight organic material or a high molecular weight organic
material. If the organic emission layer 22 comprises the low
molecular weight organic material, a hole injection layer
(HIL) (not shown), a hole transport layer (HTL) (not shown),
an electron transport layer (ETL), an electron injection layer
(EIL), etc. may be stacked in a single structure of a complex
structure so that the organic emission layer 22 is formed
among them. Copper phthalocyanine (CuPc), N,N'-di(naph-
thalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-hy-
droxyquinoline aluminum (Alg3), or the like may be used an
organic material. These low molecular organic materials may
be formed using masks and a vacuum deposition method.

If the organic emission layer 22 comprises the high
molecular weight organic material, a HTL (not shown) may
be further formed from the organic emission layer 22 to the
anode electrode. Here, the HTL may comprise poly(3,4-eth-
ylenedioxythiophene) (PEDOT), and the organic emission
layer 22 may comprise a poly-Phenylenevinylene (PPV)-
based high molecular organic material, a polyfluorene-based
high molecular organic material, or the like.

A metal sheet 130 is disposed as an encapsulant for encap-
sulating the organic light-emitting device 20 above the sub-
strate 110 including the organic light-emitting device 20,
wherein the metal sheet 130 is opposite to the organic light-
emitting device 20.

As described above, the metal sheet 130 may include at
least one or more metal material selected from Al, stainless
steel, Invar, and Mg and may be formed to a thin thickness of
about several um. Therefore, the organic light-emitting dis-
play apparatus 300 may be manufactured to have a thinner
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thickness than when a glass substrate is used as an encapsu-
lant, and material cost of the organic light-emitting display
apparatus 300 may be reduced.

Here, the flat panel display apparatus 100 according to the
previous embodiment includes the metal sheet 130, at least
part of which wrinkles, and the uneven wrinkles are formed at
the central part 131 of the metal sheet 130 facing the display
unit 120. This has been described in detail in the previous
embodiment, and thus its detailed descriptions will be omit-
ted herein.

The sealing material 150 is disposed between the substrate
110 and the metal sheet 130 to include at least one material
selected from the group consisting of an epoxy-based adhe-
sive, a silicon-based adhesive, and an acryl-based adhesive.

As described above, in the present embodiment, the
organic light-emitting device 20 is prevented from deteriorat-
ing due to radiation of a laser, and a time required for hard-
ening frit is omitted to reduce a manufacturing time in com-
parison with a case where fit is used as a sealing material.

The sealing material 150 fills a whole space formed
between the substrate 110 and the metal sheet 130 to operate
as a filler, thereby enhancing a strength of the organic light-
emitting display apparatus 300.

A polymer layer (not shown) having a lower CTE than the
metal sheet 130 is directly formed on a surface of the metal
sheet 130 opposite to a surface of the metal sheet 130 facing
the display unit 120. The polymer layer operates as a thermal
buffer with respect to the metal sheet 130 and prevents a
surface of the metal sheet 130 from wrinkling due to expan-
sion and contraction of the metal sheet 130 when hardening
the sealing material 150.

A moisture absorbent is further disposed on a surface of the
metal sheet 130 facing the organic emission layer 120. The
moisture absorbent may include at least one material selected
from the group consisting of CaO, BaO, Zeolite-based and
Al-based organic metal complexes, and a polyacrylic acid.
The moisture absorbent may be directly formed on the surface
of'the metal sheet 130 using a laminating or printing method.
Therefore, the organic emission layer 20, which is weak to
moisture, may be prevented from being deteriorated by mois-
ture.

According to the above-described embodiment, a thin
organic light-emitting display apparatus may be manufac-
tured at low material cost and in a simplified process and be
prevented from deteriorating due to penetration of moisture.

As described above, a flat panel display apparatus and an
organic light-emitting display apparatus according to the
present invention show the following effects. Since a metal
sheet is formed to a thin thickness of about several um, a
flatter display is realized than when a glass substrate is used as
an encapsulant. Also, the metal sheet is cheaper than the glass
substrate, thereby reducing material cost. In addition, a sur-
face of the metal sheet is prevented from wrinkling due to a
difference between CTEs of the metal sheet and a substrate.

While the present invention has been particularly shown
and described with reference to example embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A flat panel display apparatus comprising:

a substrate;

adisplay unit disposed on the substrate to realize an image;

a metal sheet which is disposed opposite to the substrate,

wherein the metal sheet covers at least a part of the
display unit, and is wrinkled at a central part to form
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uneven wrinkles and is not wrinkled at an edge part to
form a flat shape, and wherein the metal sheet is formed
as one body and has substantially constant thickness;
and

a sealing material in the space between the substrate and

the metal sheet that seals the substrate and the metal
sheet;
a polymer layer, comprising at least one of polyethylene-
terephthalate, polyethylenenylon, and polyimide, which
is disposed on a surface of the metal sheet and has a
lower coefficient of thermal expansion (CTE) than the
CTE of the metal sheet;

wherein the uneven wrinkles overlap at least a portion of
the metal sheet in a direction perpendicular to the metal
sheet.

2. The flat panel display apparatus of claim 1, wherein
uneven wrinkles are completely formed in an area of the
metal sheet which overlaps with the display unit.

3. The flat panel display apparatus of claim 1, wherein the
metal sheet comprises at least one material selected from the
group consisting of aluminum (Al), stainless steel, Invar,
copper (Cu), molybdenum (Mo), silver (Ag), tantalum (Ta),
tungsten (W), titanium (T1), and magnesium (Mg).

4. The flat panel display apparatus of claim 1, wherein the
sealing material comprises at least one material selected from
the group consisting of an epoxy-based adhesive, a silicon-
based adhesive, and an acryl-based adhesive.

5. The flat panel display apparatus of claim 1, further
comprising a moisture absorbent which is disposed between
the substrate and the metal sheet.

6. The flat panel display apparatus of claim 5, wherein the
moisture absorbent comprises at least one material selected
from the group consisting of calcium oxide (CaO), barium
oxide (BaO), zeolite-based and Al-based metal complexes,
and a polyacrylic acid.

7. The flat panel display apparatus of claim 1, wherein the
display unit is an organic light-emitting device which com-
prises an organic emission layer interposed between first and
second electrodes.

8. The flat panel display apparatus of claim 1, wherein the
uneven wrinkles are formed to non-uniform sizes.

9. An organic light-emitting display apparatus comprising:

a substrate;

aplurality of thin film transistors (TFTs) which are formed

on the substrate and comprise active layers, gate elec-
trodes, source electrodes, and drain electrodes;
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a plurality of organic light-emitting devices which are elec-
trically connected to the TFTs and comprise organic
emission layers interposed between first and second
electrodes; and

a metal sheet which is disposed opposite to the substrate,
the metal sheet being wrinkled at a central part to form
uneven wrinkles and not being wrinkled at an edge part
to form a flat shape, the metal sheet being formed as one
body and has substantially constant thickness;

a polymer layer, comprising at least one of polyethylene-
terephthalate, polyethylenenylon, and polyimide, which
is disposed on a surface of the metal sheet and has a
lower coefficient of thermal expansion (CTE) than the
CTE of the metal sheet;

wherein the uneven wrinkles overlap at least a portion of
the metal sheet in a direction perpendicular to the metal
sheet.

10. The organic light-emitting display apparatus of claim 9,
wherein the uneven wrinkles are formed at a part of the metal
sheet facing an area of the substrate in which the TFTs and the
organic light-emitting devices are formed.

11. The organic light-emitting display apparatus of claim 9,
wherein the metal sheet comprises at least one material
selected from the group consisting of Al stainless steel, Invar,
Cu, Mo, Ag, Ta, W, Ti, and Mg.

12. The organic light-emitting display apparatus of claim 9,
further comprising a sealing material between the substrate
and the metal sheet that seals the substrate and the metal sheet.

13. The organic light-emitting display apparatus of claim
12, wherein the sealing material comprises at least one mate-
rial selected from the group consisting of an epoxy-based
adhesive, a silicon-based adhesive, and an acryl-based adhe-
sive.

14. The organic light-emitting display apparatus of claim 9,
further comprising a moisture absorbent which is disposed
between the substrate and the metal sheet.

15. The organic light-emitting display apparatus of claim 9,
wherein the organic light-emitting display apparatus realizes
an image toward the substrate.

16. The organic light-emitting display apparatus of claim 9,
wherein the uneven wrinkles are formed to non-uniform
sizes.



